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1 EPi 

Description 

Background of the Invention 

Field of the Invention 

This invention relates to a linear motion ball bear- 
ing used for guiding portions which perform a linear 
motion such as a machine tool table, a positioning 
table, etc. 

Description of the Prior Art 

According to a conventional linear motion ball 
bearing of this type, generally a ball return hole is for- 
med axially in a bearing body to let balls circulate in 
an axial direction, and a machining for curved surface 
is performed to connect end portions of the return hole 
and a loaded ball groove formed in the bearing body, 
and further a return cap having a ball turning groove 
for changing the direction of the balls by 180° is 
applied to each end portion. 

However, in order to prevent balls from falling off 
when the bearing body is pulled out from a rail base, 
it is necessary to provide a separate ball retainer. In 
addition, the aforementioned return caps are required 
which increases the number of parts. 

A very different linear motion ball bearing has 
been proposed in U.S. Patent No. 4,632,573, issued 
December 30, 1986 to Katsutoshi Itoh, in which upper 
and lower ball circulation paths are formed surround- 
ing a leg portion of a bearing body with loaded ball 
grooves. By fitting the circulation paths, one upon 
another, to the leg portion, upper and lower members 
are each formed with an opposingly J-shaped groove, 
and an intermediate member is formed on upper and 
lower sides thereof with opposingly J-shaped grooves 
and further grooves connecting the tips of said J- 
shapes. 

The above-mentioned bearing does not require 
curved surface machining at the ends of the loaded 
ball grooves of the bearing body ; nor separate provi- 
sion of ball retainers. However, it unavoidably 
becomes larger widthwise, requiring larger space. 

Therefore, an overall size becomes larger if one 
wants to increase the width of the leg with a view to 
increasing the rigidity of the bearing. 

Summary of the Invention 

The present invention has solved the above-men- 
tioned problem in which a linear motion ball bearing 
is provided with a bearing body having a leg portion 
with upper and lower loaded ball grooves; The upper 
groove includes a substantially semi-circular section, 
a lower groove includes a substantially quarter-circu- 
lar section. A recessed comer portion is formed on an 
opposite side of the grooves. Upper members, each 
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having a ball tumii^^roove, are connected to the 
upper loaded ball groove and the corner portion and 
arranged at both ends of the bearing body. An inter- 
mediate member is formed on upper and lower sides 

5 thereof with opposingly J-shaped grooves and ball 
retaining grooves connected to the tips of the J- 
shapes, and is mounted to the leg portion such that 
the comer portion serves as an unloaded ball groove 
and forms an upper ball circulation path with the upper 

10 groove of the intermediate member. A lower member, 
having an opposingly J-shaped groove and ball 
retaining groove, is connected to the tips of the J- 
shapes and is arranged to form a lower ball circulation 
path with the lower groove of said intermediate mem- 

15 ber. 

When the upper, intermediate and lower mem- 
bers are assembled to the bearing body, the two 
unloaded ball grooves are accommodated into the 
recessed corner portion of the bearing body, whereby 

20 all the members may be accommodated within the 
width of the bearing body. In addition , like the above- 
mentioned prior appli cati on, there is ho need to pro- 
vide ball return holes to the bearing bo dy and to 
pr ovide b all turning capsat both ends to ch ange the 

25 direction~6f the balls? Furthermore, a ball retainer may 
be built-in such that balls do not fall off even when the 
bearing assembly is separated from the rail base. 

Brief Description of the Drawings 

30 

For a better understanding of these and other 
aspects of the invention, reference may be made to 
the following detailed description taken in conjunction 
with the accompanying drawings wherein : 
35 FIG. 1 is a front view of assembled upper, lower 

and intermediate members of a prior art linear 

motion ball bearing ; 

FIG. 2 is a perspective view of the lower member 
of FIG. 1 ; 

40 FIG. 3 is a perspective view of the intermediate 

member of FIG. 1 ; 

FIG. 4 is a front view of a bearing body for receiv- 
ing the assembly of FIG. 1 ; 
FIG. 5 is a broken-away perspective view of a first 

45 embodiment of the invention ; 

FIG. 6 is a perspective view of the bearing assem- 
bly of FIG. 5 mounted to a rail base ; 
FIGS. 7a and 7b show enlarged broken-away 
perspective views as viewed from up and down 

so respectively of upper, intermediate and lower 

members of FIG. 5 ; 

FIG. 8 is a transverse section of the bearing 
assembly and rail base taken along the line 8-8 of 
FIG. 6 ; 

55 FIG. 9 is a front, broken-away view of the bearing 

assembly of FIG. 6 ; 

FIG. 10 is a side view of the bearing assembly and 
rail base of FIG. 6 ; 
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FIG. 1 1 is a front view of the rail base of FIG. 6 ; 
FIG. 12 is a broken-away perspectiv view of a 
second embodiment of the invention ; 
FIG. 13 is a transverse section of FIG. 12 includ- 
ing a rail base ; 

FIG. 14 is another transverse section of FIG. 12 
including the rail base ; 

FIG. 15 is a front view of FIG. 12 excluding the 
seal member and the seal securing member ; 
FIG. 1 6 is a front view of FIG. 1 2 including the seal 
member and the seal securing member ; 

Description of the Preferred Embodiments 

Referring now to the drawings wherein like 
characters designate like or corresponding parts 
throughout the several views, there is shown in FIGS. 
1-4 a prior art linear motion ball bearing of said U.S. 
Patent No. 4,632,573. The linear motion ball bearing 
comprises upper and lower members 410, 420 and an 
intermediate member 430 fitted to a bearing body 400 
one upon another to form endless ball circulation 
paths. The upper and lower members are identically 
formed. Said members have opposingly J-shaped 
grooves, the sections of which are nearly semi-circu- 
lar. The reference numerals 412 and 422 are ball- 
scooping pawls. 

On the other hand, the intermediate member 430 
has, on its upper and lower surfaces, opposingly J- 
shaped grooves complementary to the opposingly J- 
shaped grooves of the upper and lower members 410 
and 420, and ball retaining grooves 433 connecting 
the tips of said J shapes. The section of the oppos- 
ingly J-shaped groove 431 is semi-circular so that a 
circle may be formed with the corresponding grooves 
of the upper and lower members ; and the section of 
the ball retaining groove 433 is quarter-circular. 

The assembly of said upper, lower and inter- 
mediate members 410, 420 and 430 are fitted to the 
leg 401 of the bearing body 400 such that endless ball 
circulation paths are formed with loaded ball grooves 
404 and 405 of semi-circular sections. Said members 
and the bearing body are secured at both longitudinal 
ends by means of a cover (not shown). 

FIG. 5, in contradistinction, shows in disassem- 
bled state, a bearing according to a first embodiment 
of this invention. A bearing body 20, a pair of upper 
members 30, 30, a pair of intermediate members 50, 
50, a pair of lower members 70, 70 and a seal member 
80 are secured firmly by means of bolts 90, 91 , screws 
93 and nuts 94. FIG. 6 depicts the state in which the 
assembled body is mounted to a rail base 96. 

Th bearing body 20 has legs 21, 21 riding astride 
on the rail base 96, th section of which is shown in 
FIG. 1 1 . At the inner surfaces of the legs, two pairs of 
upper and lower loaded ball grooves 22a, 22b are 
opposingly formed. The upper loaded ball grooves 
22a are longitudinally extending grooves of semi-cir- 


cular sections ; and the lower loaded ball grooves 22b 
are of quarter-circular sections, as the lower ends of 
the legs 21 are cut off. These loaded ball grooves 22a, 
22b and the ball rolling surfaces 97, 97 form two pairs 
5 of upper and lower loaded areas. These loaded ball 
grooves 22a, 22b are simple, straight grooves ; and 
curved surfaces need not be machined at both ends 
thereof like the above-mentioned U.S. Patent No. 
4,632.573. 

10 At the both side surfaces of the bearing body 20, 

recessed comer portions 23 are formed, such that 
they are open sidewardly and downwardly. Said cor- 
ner portions form upper unloaded ball grooves in 
cooperation with the intermediate members 50 as 

15 mentioned below, and accommodate the lower 
unloaded ball grooves. At the longitudinal ends of the 
bearing body 20, threaded holes 25 with counterbores 
24 for receiving the protrusions 33 of the upper mem- 
bers 30, explained below, and screw holes 26forseo- 

20 uring a seal member 80, are provided ; and at the 
upper surface, screw holes 27 are provided for sec- 
uring the body, for example, to a table of a machine 
tool. 

To the bearing body 20, the upper member 30, 

25 the intermediate member 50 and the lower member 
70 are secured. Each member will be explained with 
reference to FIGS. 7a, 7b, 8 and 9. 

A pair of upper members 30, 30 disposed at both 
ends of the bearing body 20 have at each lower sur- 

30 face a U-shaped ball turning groove 31 connecting the 
upper loaded ball groove 22a of the bearing body and 
the corner portion 23. At the end of ball turning groove 
31 adjacent to the upper loaded ball groove 22a, a ball 
scooping pawl 32 is provided. On the surface in con- 

35 tact with the bearing body 20, protrusions 33 for posi- 
tioning are provided so as to fit into the counterbores 
24. On the reverse side, counterbores 34 are provided 
with a through hole 35 for accommodating fastening 
bolt 90. A pair of through holes 36, 36 are provided for 

40 securing a seal member 80 to the bearing body 20. 
Vertical through holes 37 are provided to fasten the 
intermediate member 50 and the lower member 70 ; 
and the upper end thereof is adapted to accommodate 
a nut 94. A stepped portion 38 is provided for accurate 

45 positioning in cooperation with a shoulder 58 of the 
intermediate member 50. 

As mentioned above, the upper members 30 are 
simply positioned adjacent to both ends of the bearing 
body 20 and do not surround the leg of the bearing 

so body 21 , which is different from the invention of said 
prior U.S. Patent No. 4,632,573. 

At the surface of one of the upper members 30, 
30, a grease nipple 39 is provided, which serves to 
supply lubricating grease to the ball circulation paths. 

55 A grease supplying groove 40 is formed such that it 
may be closed when fastened to the bearing body 20. 
The grease supplying groove 40 extends to the center 
of the semi-circular portion 41 surrounded by the ball 
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turning groove 31. Grease may be supplied to the ball 
circulation path through the longitudinal communicat- 
ing channel 42. This channel 42 may be provided in 
the intermediate member as mentioned later. 

Opposingly J-shaped groove 71 is formed in the 5 
lower member 70, the section of which is semi-circu- 
lar. Betw en the tips of the J-shapes, a ball retaining 
groove 72 is formed such that it does not interfere with 
the balls B which move between the rail base 96 and 
the bearing body 20. The central portion 73 surroun- 10 
ded by the J-shaped groove 71 and the ball retaining 
groove 72 abuts, as shown in FIG. 8, against the lower 
surface of the leg portion 21 of the bearing body 20 
and thus the ball retaining groove 72 may be located 
close to the lower loaded ball groove 22b. is 

The present invention is distinct over said prior 
invention in that the lower member 70 abuts against 
the lower surface of the leg portion 21 and does not 
accommodate the leg portion. 

A communicating groove 74 is formed in the cent- 20 
ral portion 73 for supplying lubricating grease to the J- 
shaped groove 71 by way of the intermediate member 
50 ; and at one end of the J-shaped groove 71, a pawl 
75 is provided for smoothly guiding the ball B from the 
lower loaded ball groove 22b into the ball turning path. 25 
Close to the end surface of the lower member 70, a 
through hole 76 is provided as mentioned before ; and 
on the lower surface thereof, a counter-sink 77 is for- 
med to receive a head of a screw 93. In addition, on 
this lower surface, a dovetail groove 78 is formed to 30 
receive a seal member 80. 

On the other hand, on the upper surface of the 
intermediate member 50, opposingly J-shaped 
grooves 51 are formed complimentary with the ball 
turning groove 31 of the upper member 30 and the 35 
corner portion 23 of the bearing body 20 ; and on the 
lower surface as well, opposingly J-shaped grooves 

52 are similarly formed. A ball retaining portion 53 is 
formed with upper and lower ball retaining grooves 54, 

55 so as connect the tips of the J-shapes (reference 40 
numeral 51a denotes one of the tips of the J-shapes 
on the upper surface). The sections of the upper and 
lower J-shaped grooves are semi-circular so as to 
form a circle with corresponding grooves 31 , 71 of the 
upper member 30 and lower member 70, respect- 45 
ively ; and the sections of the ball retaining grooves 
54, 55 are almost quarter-circular. As shown in Fig. 
11, the ball retaining portion 53 extends along the 
groove 98 of the rail base 96. 

At the turning portions of the J-shaped grooves so 
51, 52, a half cylinder-like portion 56 is formed ; and 
the hollow portion 57 surrounded by the portion 56, J- 
shaped grooves 51, 52 and the ball retaining portion 

53 is adapted to accommodate the leg portion 21 of 

the bearing body, and the shoulder 58 abuts against 55 
the lower surface of th corner portion 23 so as to form 
a ball circulation path with the elongated part of the J- 
shaped groove 51. Adjacent to one end of the inter- 
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mediate member 50^h rough hole 59 is formed so 
as to align with the holes 37, 76 of the upper member 
30 and lower member 70, respectively. The stepp d 
portion 38 receives the shoulder 58 to ensure accu- 
rate positioning of each member in cooperation with 
the fastening by means of screws through holes 37, 
59 and 76. And, when the intermediate member 50 is 
fit to the bearing body 20, a channel 60 is formed at 
the inner side of the half cylinder portion 56 so as to 
connect the grease supplying grooves in the upper 
member 30 and the lower member 70. 

The seal member 80 (FIG. 5) comprises a pair of 
opposing front plates 81, 81 and a pair of base plates 
82, 82 adapted to fit into the dovetail groove 78 of the 
lower member 70. On the outer surface of the front 
plate 81 , through holes 84, 84 for securing to the bear- 
ing body 20 and a hole 85 for communicating with a 
grease nipple 39 are respectively provided. A rubber 
material 83 is secured to the plate 84 so as to come 
into a sliding contact with the groove 97 of the rail 
base 96. A rubber material seal is also provided to the 
opposing inner surfaces of the base plates 82, 82. 

In order to incorporate balls B (FIG. 8) into the 
bearing assembly, the bearing body 20 is first put on 
an assembling jig (not shown) upside down ; and 
then, the upper members 30, 30 each having a ball 
turning groove 31 are fastened to the end surfaces of 
the bearing body 20 by means of the bolts 90 so that 
said grooves face upward. After forming endless ball 
circulation paths with the jig, upper members 30, 30 
and the bearing body 20, balls B are introduced. 
, Thereafter, the intermediate members 50, 50 are fit to 
the legs 21 , 21 of the bearing body 20, and balls B are 
inserted into the circulation paths 52 and ball retaining 
grooves 55. On top of the assembly thus formed, the 
lower members 70, 70 are placed, with the base 
plates 82, 82 having been fit into the dovetail grooves 
78, 78 of the lower members. Then, the assembly is 
fastened by means of the screws 93 and nuts 94. 
Thus, endless ball circulation paths are formed with 
the loaded ball grooves 22a, 22b forming a part 
thereof. Furthermore, the seal member 80 may be 
secured by means of the bolts 91. Needless to say, 
the seal member 80 may be used only when it is 
required. 

In a linear motion bearing 10 thus assembled, as 
shown in FIG. 6, the side faces of the bearing body 20, 
the upper member 30, the intermediate member 50 
and the lower member 70 are flush with each other, 
and consequently, all members may be accommo- 
dated within the width of the bearing body 20. FIG. 10 
is a side view of the assembled bearing showing that 
no extra space is required in the longitudinal direction 
as well. 

The ball retaining portion 53 having ball retaining 
grooves connecting the tips of the J-shapes of the 
grooves 51, 52 of the intermediate member 50 
extends along the groove 97 of the rail base 96. tn the 


4 


EP 0 318 980 B1 


assembled state, only about a quarter portion of one 
ball B may b exposed, as shown in FIG. 8 ; and con- 
sequently, balls may be retained in cooperation with 
the loaded ball grooves 22a, 22b, even when the bear- 
ing assembly is separated from the ran base 96. 5 

A second embodiment of the invention will now be 
explained with reference to a linear motion bearing 
100 which incorporates a few improvements over the 
first embodiment The improvements may be sum- 
marized as follows. 10 

Firstly, as seen from FIG. 8, there is a thin portion 
between the upper and lower unloaded ball grooves 
of the intermediate member 50. Since a predeter- 
mined minimum amount of thickness is required when 
forming this member by plastics, the upper unloaded is 
ball groove must be set sufficiently upward in FIG. 8 
in order to reduce the embodiment of FIG. 8 to prac- 
tice. On the other hand, if the upper unloaded ball 
groove is set upward, a cavity may be formed in the 
direction of load applied to the lower loaded balls 20 
(ordinarily 45 degrees from normal line), which 
causes the rigidity of the leg portion 21 to decrease 
(see FIG. 13). This is the first point of improvements. 
Simplification of a grease introducing path to the lower 
ball circulation path will be effected at the same time. 25 

Secondly, ball turning paths are formed between 
the upper member and the intermediate member, and 
between the intermediate member and the lower 
member. Said ball turning paths, especially those por- 
tions for receiving loaded balls, are subjected to reac- 30 
tion forces and centrifugal forces during the turning of 
the balls. Thus, if the portions in question comprise 
only plastic material, wear will be remarkable. This is 
the second point of improvements. 

Referring to FIG. 12, there is illustrated a linear 35 
motion ball bearing 100 (excluding balls and a rail 
base) according to the second embodiment of this 
invention. The bearing body 120, a pair of upper mem- 
bers 130, 130, a pair of intermediate members 150, 
150, a pair of lower members 170, 170, a seal member 40 
180 and a seal securing member 190 are fastened by 
means of bolts 101, 102, screws 103 and nuts (not 
shown) received in the upper member. 

As shown in FIG. 12, the bearing body 120 has a 
pair of legs 121, 121 so as to ride astride on the rail 45 
base 96 as was the case with the first embodiment. 
And two pairs of opposing loaded ball grooves 122a ( 
122b are formed in the inner surfaces of the leg por- 
tions 121, 121. The upper loaded ball groove 122a 
extends longitudinally and has a semi-circular sec- so 
tion ; and the lower loaded ball groove 122b has a 
quarter-circular section as the lower end of the leg 
portion 121 is cut off. These loaded ball grooves 122a, 
122b form two pairs of upper and lower loaded ball 
areas in cooperation with the grooves formed in the 55 
rail base 96. These loaded ball grooves 122a and 
122b are straight grooves with no curved surface 
machinings at both ends thereof as is the case with 


th above-mentioned U.S. Patent No. 4,632,573 and 
the first embodiment of this invention. 

At both side surfaces of the bearing body 120, 
longitudinally extending recessed corner portions 
123, 123 are respectively formed so as to open side- 
wardly and downwardly. The upper and lower 
unloaded ball grooves 112a, 112b are formed at this 
portion in cooperation with the intermediate member 
150 and lower member 170 as will be explained later 
(see FIGS. 13 and 14). 

As illustrated in FIGS. 13 and 14, the corner por- 
tion 123 has three grooves and one protrusion. The 
first groove 123a has an acutely angled corner and is 
for receiving the intermediate member 150 ; the sec- 
ond groove 123b is of substantially semi-circular sec- 
tion for forming an upper unloaded ball groove 112a; 
and the third groove 123c is of substantially quarter- 
circular section for forming a lower unloaded ball 
groove 112b. The groove 123c may be done away 
with by displacing the lower unloaded ball groove 
slightly downwardly in FIG. 13 (see FIG. 8). A protru- 
sion 123d is formed between the second and third 
grooves. 

The longitudinal end surfaces of the bearing body 
are provided with threaded holes 125 with an annular 
enlargement 124 for receiving a protrusion 133 of the 
upper member 130, and threaded holes 126 for sec- 
uring a seal member 190. On the upper surface of the 
bearing body, threaded holes 127 are formed for con- 
nection, for example, with a table of a machine tool. 

The upper members 130, 130, the intermediate 
members 150, 150 and the lower members 170, 170 
are fastened to the bearing body 120. Each member 
will be explained with reference to FIGS. 12 and 13- 
16. 

At the lower surface of the upper member 130, a 
U-shaped ball turning groove 131 is formed so as to 
connect the upper loaded ball groove 122a of the 
bearing body 120 and the second groove 123b of the 
corner portion 123 (FIG. 14), and a ball scooping pawl 
1 32 is formed at the end of the ball turning groove 131 
adjacent to the upper loaded ball groove 122a. At the 
abutment surface with the bearing body 120, protru- 
sions 133 are formed so as to engage with the 
aforementioned annular enlargements. 124 ; and at 
the reverse side, a pair of through holes 135 having 
counterbores for receiving the head of bolts 101, and 
a pair of through holes 136 for securing a seal mem- 
ber 1 90 are respectively formed. At the lower surface, 
tapped holes are provided to fasten the intermediate 
and lower members. 

In addition, a grease nipple 105 may be provided 
to the hole 138 of the upper member 130, which 
enables the supply of grease to the ball circulation 
paths. Grease supply groove 140 is formed so as to 
be closed when the upper member 130 is secured to 
the bearing body 120, which groove extends to the 
center of the semi-circular portion surrounded by the 
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ball turning groove 131 ; and grease may be supplied 
therefrom to the ball circulation paths through a lon- 
gitudinally extending groove 142 (see FIG. 14). 

Opposingly J-shaped grooves 171 are formed in 
the lower memb r, the section of which is almost se- 
mi-circular. Betw en the tips of said J-shapes, ball 
retaining groove 172 is formed so as not to interfere 
with the balls B held between the rail base 96 and the 
bearing body 120. The central portion 1 73 surrounded 
by the J-shaped grooves 171 and the ball retaining 
groove 172 abuts, as shown in FIG. 13, the lower sur- 
face of the bearing body 120 ; and thus, the ball retain- 
ing groove 172 comes adjacent to the lower loaded 
ball groove 122b. 

At both ends of the J-shaped grooves 171, ball 
scooping pawls 175, 175 are provided for smoothly 
introducing the balls from the lower loaded ball 
grooves into the ball turning paths. Through holes 176 
are provided for fastening by means of screws 103, 
the heads of which are received in the recesses 177. 
Moreover, on the lower surface, stepped portions 1 78, 
1 79 are provided for receiving a seal member 1 80 and 
seal fixing member 190, respectively (FIG. 15). 

On the other hand, as shown in FIGS. 12 and 14, 
the upper surface of the intermediate members 150 is 
formed with opposingly J-shaped groove 151 so as to 
be complementary with the ball turning groove 131 of 
the upper member 130 and the corner portion 123 of 
the bearing body 120 ; and a similarly opposingly J- 
shaped groove 152 is formed. Furthermore, the ball 
retaining portion 153 is formed with upper and lower 
ball retaining grooves 154, 155 connecting the tips of 
said J-shapes (see reference numeral 151a). Each of 
said ball retaining grooves 154, 155 has a substan- 
tially quarter-circular section. The ball retaining por- 
tion 153 extends along the groove 98 of the rail base 
96 as shown in FIG. 11. 

Denoted by 163 in FIG. 13 is a protrusion which 
opposes the protrusion 123d of the leg portion 121 
with a space therebetween. The upper unloaded ball 
groove 112a having a substantially circular section is 
formed by the second groove 123b of the comer por- 
tion 123 and the J-shaped groove 151 of the inter- 
mediate member 150. Moreover, the lower unloaded 
ball groove 112b of a similarly substantially circular 
section is formed by the third groove 123c of the cor- 
ner portion 1 23, the lower J-shaped groove 1 52 of the 
intermediate member 150 and the J-shaped groove 
171 of the lower member 170. 

The gap between the protrusions 123 and 163 is 
a slit which connects the upper unloaded ball groove 
112a and the lower unloaded ball groove 112b in the 
longitudinal direction of the J-shaped grooves 151, 
1 52. A simitar slit may be provided between the upper 
and lower J-shaped grooves 51 , 52 at the thin central 
portion in th first embodiment The slit may be pro- 
vid d only partly in the longitudinal direction. 

The slit enables uniform lubrication of both the 
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upper and lower baKirculabon paths. In the first 
embodiment, grease supply paths are provided to all 
of the upper, lower and intermediate members ; how- 
ever, such a path is provided only to the upper mem- 
5 ber 130. This of course serves to simplify the whole 
structure of the bearing. 

The grease supplied at the nipple 105 may be 
supplied to the upper unloaded ball groove 112a by 
way of the hole 138, the supply groove 140 and the 

10 communicating groove 142. Since the lower unloaded 
ball groove 112b can communicate with the upper 
unloaded ball groove 112a through the slit 160, the 
grease may be distributed to each groove with the 
balls as media. This means that not only the slit but 

15 the upper unloaded ball groove 1 12a is utilized as the 
grease supply path. 

By comparing FIG. 13 with FIG. 8, it will be 
appreciated that in the FIG. 13 embodiment, the sepa- 
ration of the upper and lower unloaded ball grooves 

20 by means of the intermediate member only is replaced 
by the separation by means of the two opposing pro- 
trusions with a gap therebetween. Thus, the thin por- 
tion of the intermediate member as seen in FIG. 8 may 
be done away with ; and furthermore, since the posi- 

25 tion of the upper unloaded ball groove 112a may be 
made lower, it is possible to eliminate cavities bet- 
ween the line normal with respect to the center of the 
lower loaded balls and the line inclined 45° outwardly 
therefrom. This serves to increase rigidity of the leg 

30 portions and simplify the grease supply path by virtue 
of the slit 1 60 as mentioned above. 

Another improvement reinforces the ball turning 
paths. As mentioned before, ball turning paths are for- 
med in the portions held by the upper member and the 

35 intermediate member, and between the intermediate 
member and the lower member to turn the moving 
directions of the balls by 180°. These ball turning 
paths (especially the portions where the loaded balls 
are introduced) are subjected to the reaction force 

40 during the turning of the balls and the balls are pushed 
toward the bottom of the groove because of the cen- 
trifugal force ; and consequently, if these paths are 
formed by plastics only, significant wear is unavoid- 
able. Therefore, it is preferable to reinforce at least the 

45 quarter portion where the loaded balls are received. 
The improvement is explained in detail as follows. 

As shown in FIG. 12, at the ball retaining portion 
153 of the intermediate member 153, notches 164, 
164 are formed. In addition, beyond the notch 164, a 

so retaining groove 1 66 is formed so as to cover almost 
half of the ball turning path. The section of said retain- 
ing groove is almost semi-circular. The retaining 
groove comes to an nd at the insertion hole 167 
which is provided at the end of the upper and lower J- 

55 shaped grooves. This arrangement is provided at 
both sides of the intermediate member 150. Denoted 
by the numeral 161 is th reinforcing member in the 
form of a clip, the ends of which are inserted into the 
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is first placed on an assembly jig (not shown) upside 
down. Next, a pair of the upper members 130, 130 are 
secured to the front ends of the bearing body 1 20 such 
'that the grooves face upward. After forming an end- 
5 less ball circulation path with the jig, upper members 
130, 130 and the bearing body 120, balls are put into 
the groove. Thereafter, the intermediate members 
150, 150 are fit to the respective leg portions121, 121 
and the balls are put into the J-shaped grooves 152, 
10 152 and the ball retaining groove 155. 

Then, the lower members 170, 170, each fitted 
with the connecting member 182 of the seal member 
180 into the stepped portion 178, and the lower mem- 
ber 170 into the stepped portion 179 are placed the- 
is reon. The assembly thus formed is fastened by means 
of the screws 103 threaded into the tapped holes in 
the upper members 130, 130. Thus, the upper and 
lower ball circulation paths are formed with the upper 
and lower loaded ball grooves 122a, 122b forming a 
20 part thereof. The seal securing members 1 90, 1 90 are 
finally fastened to the bearing body 120' by means of 
the bolts 102. 

The linear motion ball bearing 100 thus assem- 
bled is capable, like the first embodiment, of accom- 
25 modating all the members within the width of the 
bearing body 120 and the balls may be retained even 
when the bearing assembly is separated from the rail 
base 96. 

The improvement resulting from the provision of 
30 the slit between the upper and lower unloaded 
grooves ; and the reinforcement of the ball turning 
paths should not be limited to the illustrated embodi- 
ment comprising the upper members 130, inter- 
mediate members 150 and the lower members 170. 
35 Application of the present invention is not limited 
to such a symmetrical bearing shape as shown in FIG. 
6. A linear motion ball bearing may be constituted by 
forming an only one-side bearing body portion having 
a ball circulation mechanism and a rail base as sepa- 
40 rate unit type modules and bolting these modules to 
other machine parts (e.g. table and bed of a machine 
tool). It goes without saying that the ball groove may 
be formed in a circular shape to receive loading equ- 
ally in four directions. In this case, an angle of contact, 
45 between the rail base and ball shown in FIG. 1 1 is set 
about 45° relative to the horizontal direction. 

The plan shape of the bail turning portion of the 
J-shapes may be semi-circular, U-shaped, or rectan- 
gular with chamfered corners, etc. 


holes 167, 167 and placed along the retaining 
grooves 166, 166 with the middl portion held in the 
notch 164. The reinforcing member 161 comprises an 
elastic metal wire and is placed into position as men- 
tioned above. 

The notch 164 is larger than the wire diameter so 
that the reinforcing member 161 will not interfere with 
the rail base 96. On the other hand, the retaining 
groove 166 has a depth to receive one half of the wire 
diameter. Therefore, the respective complimentary 
grooves are provided in the upper member 130 and 
the lower member 170 in the opposing surfaces 
thereof. 

As the balls B move from the loaded ball groove 
to the unloaded ball groove, the pawls 132, 175 scoop 
the balls in cooperation with the ball retaining portion 
153. The balls turn in direction while being pushed 
against the reinforcing member 161. Thus, the rein- 
forcing members serve to increase the service life of 
the bearing. 

A half cylindrical portion 156 is formed at the ball 
turning portion of the J-shaped grooves 1 51 , 1 52. The 
hollow portion surrounded by the half cylindrical por- 
tion 156, opposingly J-shaped grooves 151, 152, and 
the ball retaining portion 153 fits into the leg portion 
121 of the bearing body 120, and the shoulder 158 
abuts the groove 123a of the corner portion 123. The 
shoulder 158 has an acute angle and serves to accu- 
rately position the intermediate member 150 relative 
to the bearing body 120. 

Adjacent one end of the intermediate member 
150, a through hole 159 is formed so as to align with 
the through hole 176 of the intermediate member 170 
and the tapped hole in the upper member 1 30. 

As shown in FIG. 15, the assembled upper, lower 
and intermediate members have, at both longitudinal 
ends, a first stepped portion 110 for receiving a seal 
securing member 190, and a further recessed step- 
ped portion 111 for receiving the seal member 180. 
The seal member 180 is inserted into the second step- 
ped portion 1 1 1 for sealing the gap in the longitudinal 
direction ; and the connecting portions 182 are fitted 
into the stepped portion 178 of the lower member 170 
to seal in the vertical direction. Thus, foreign matter 
may be prevented from entering the bearing assembly 
from both the longitudinal and vertical directions. 

Outwardly of the second stepped portion 1 1 1, the 
seal securing member 190 is fastened into the first 
stepped portion 100. 

The seal securing member 190 comprises a pair so 
of opposing front members 191, 191, and a pair of 
connecting members 192, 192 fitting into the stepped 
portion 1 79 of the lower member 1 70. The front mem- 
bers have through holes 194, 194 with countersinks 
for connection to the bearing body 120, and a notch 55 
for mounting a grease nipple 105 to the upper mem- 
bers 130. 

In order to incorporate balls, the bearing body 120 


Advantages of the Invention 

Being structur d as mention d above, the linear 
motion ball bearing of the present invention is capable 
of accommodating all the members within the width of 
the bearing body, and consequently, can be made 
compact. Moreover, since the section of the lower 
loaded ball groove of the bearing body can be quarter 


7 


13 


EP 0 318 980 B1 


circular, the machining thereof can be simpler. There- 
fore, the number of the parts may be less, which also 
serv s to reduce the manufacturing costs. 

As a result, even if the width of the leg portions of 
the bearing body is made somewhat larger to increase 
the rigidity, the overall size of the bearing assembly 
can b relatively small. 

The provision of the slits between the upper and 
lower unloaded ball grooves serves to evenly distri- 
bute grease to the entire ball circulation paths, which 
is useful to simplify the grease supply paths and to 
facilitate manufacturing. 

By providing reinforcing members, wear of the 
ball turning paths may be reduced, which is useful for 
increasing the service life. 


Claims 

1 . A linear motion ball bearing with a bearing body 
(20), upper and lower members (30, 70) each having 
opposed grooves and an intermediate member (50) 
having upper and lower opposed grooves and upper 
and lower grooves for connecting end portions of said 
grooves, characterized in that said bearing body (20) 
having a leg portion (21) with an upper loaded ball 
groove (22a) having a substantially semi-circular sec- 
tion, a lower loaded ball groove (22b) having a sub- 
stantially quarter-circular section and a recessed 
corner portion (23) on an opposite side of said 
grooves ; 

said upper members (30) each having a ball turning 
groove (31) connecting said upper loaded ball groove 
(22a) and the comer portion (23), and arranged at 
both ends of said bearing body (20) ; 
said intermediate member (50) having formed on 
upper and lower sides thereof opposingly J-shaped 
grooves (51) and ball retaining grooves (54, 55) con- 
n cting the tips of said J-shapes, said intermediate 
member (50) being mounted to said leg portion (21) 
whereby said corner portion (23) serves as an 
unloaded ball groove to form an upper ball circulation 
path with the upper grooves (51, 54) of said inter- 
mediate member ; and 

said lower member (70) having formed on the upper 
side a J-shaped groove (71) and a ball retaining 
groove (72) connecting the tips of said J-shapes, said 
lower member (70) being mounted to said inter- 
mediate member (50) whereby said lower member 
grooves (71 , 72) form a lower ball circulation path with 
the lower grooves (52, 55) of said intermediate mem- 
ber (50). 

2. A linear motion ball bearing according to Claim 
1 further comprising : 

reinforcing members (161) of metallic wire arranged 
at least at loaded ball receiving portions of said ball 
circulation paths formed betw en said upper member 
(30) and said int rm diate member (50), and between 
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said intermediate meffl&er (50) and said lower mem- 
ber(70). 

3. A linear motion ball bearing according to 
Claims 1 or 2 wherein : 

5 said leg portion (21 ) between the vertical line with res- 
pect to th center of a lower loaded ball and the line 
inclined 45 degrees outwardly from said v rtical line 
is solid. 

4. A linear motion ball bearing according to any- 
10 one of claims 1 to 3 further comprising : 

a slit communicating said upper unloaded ball groove 
(112a) and said lower unloaded ball groove (112b). 

5. A linear motion ball bearing according to any- 
one of claims 1 to 4 further comprising : 

15 reinforcing members (161) of metallic wire arranged 
at least at loaded ball receiving portions of said ball 
circulation paths formed between said upper member 
(30) and said intermediate member (50), and between 
said intermediate member (50) and said lower mem- 

20 ber (70). 


Patentanspruche 

25 1. Linearkugellager mit einem Lagerkorper (20), 
oberen und unteren Elementen (30, 70), die jeweils 
sich gegenuberiiegende Nuten aufweisen, und einem 
Zwischenelement (50), welches obere und untere 
entgegengesetzte Nuten sowie obere und untere 

30 Nuten zum Verbinden der Endabschnitte der Nuten 
aufweist, dadurch gekennzeichnet, dad der Lager- 
korper (20) einen Schenkelabschnitt (21) mit einer 
oberen Nut (22a) fur belastete Kugeln mit etwa halb- 
kreisformigem Querschnitt, einer unteren Nut (22b) 

35 fur belastete Kugeln mit etwa viertelkreisformigem 
Querschnitt, und einem vertieften Eckabschnitt (23) 
an einer entgegengesetzten S|ite der Nuten enthalt ; 
wobei die oberen Elemente fZO) jeweils eine Kuge- 
lumkehmut (31 ) aufweisen, die die obere Nut (22a) fur 

40 belastete Kugeln und den Eckabschnitt (23) verbindet 
und an beiden Enden des Lagerkorpers (20) angeord- 
net ist ; 

das Zwischenelement (50) auf der Oberseite und der 
Unterseite einander abgewandte J-formige Nuten 

45 (51 ) und Kugelhaltenuten (54, 55), die die Spitzen der 
J-Formen verbinden, aufweist, wobei das Zwischene- 
lement (50) an dem Schenkelabschnitt (21) montiert 
ist, wodurch der Eckabschnitt (23) als Nut fur un bela- 
stete Kugeln dient, urn einen oberen Kugelumlaufweg 

50 mit den oberen Nuten (51 , 54) des Zwischenelements 
zu bilden ; und 

wobei das untere Element (70) auf der Oberseite eine 
J-formige Nut (71) und eine Kugelhaltenut (72), wel- 
che die Spitzen der J-Formen verbindet, aufweist und 
55 das untere Element (70) an dem Zwischenelem nt 
(50) montiert fet, wodurch die Nuten (71, 72) des un- 
teren Elements einen unteren Kugelumlaufweg mit 
den unteren Nuten (52, 55) des Zwischenelements 
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(50) bilden. 

2. Lin arkugellager nach Anspruch 1, gekenn- 
zelchnet durch : 

Verstarkungselemente (161) aus Metalldraht, die 
mindestens an den Aufnahmeabschnitten fur bela- 
stete Kugeln der Kugelumlaufwege angeordnet sind, 
welche zwischen dem oberen Element (30) und dem 
Zwischenelement (50) sowie zwischen dem Zwische- 
nelement (50) und dem unteren Element (70) gebildet 
sind. 

3. Linearkugellager nach Anspruch 1 Oder 2 f bei 
dem der Schenkelabschnitt (21) zwischen der Verti- 
kallinie bezuglich der Mitte einer unteren belasteten 
Kugel und der von der Vertikallinie urn 45° nach 
au&en geneigten Linie massiv ist 

4. Linearkugellager nach einem der Anspruche 1 
bis 3, gekennzelchnet durch einen Schlitz, welcher 
die obere Nut (112a) fur unbelastete Kugeln und die 
untere Nut (112b) fur unbelastete Kugeln verbindet 

5. Linearkugellager nach einem der Anspruche 1 
bis 4, gekennzoichnet durch Verstarkungselemente 
(161) aus Metalldraht, die zumindest an Aufnahme- 
abschnitten fur belastete Kugeln der Kugelumlauf- 
wege angeordnet sind, welche zwischen dem oberen 
Element (30) und dem Zwischenelement (50) sowie 
zwischen dem Zwischenelement (50) und dem unte- 
ren Element (70) gebildet sind. 


Rovendications 

1. Roulement k billes k mouvement Iineaire 
Comprenant un corps de roulement (20), des mem- 
bras sup&ieurs et inferieurs (30, 70) pr£sentant cha- 
cun des gorges oppos&es et un membre intermedia ire 
(50) pr£sentant des gorges sup6rieures et inferieures 
opposees et des gorges superieures et inferieures 
pour connecter tes portions des extr6mit6s desdites 
gorges, caracterise en ce que ledit corps de roule- 
ment (20) pr6sente une portion rein (21) avec une 
gorge superieure k billes chargees (22a) a une sec- 
tion essentiellement semi-circulaire, une gorge inf6- 
rieure k billes chargees (22b) k une section 
essentiellement en forme de quart de cercle et une 
portion coin 6vid6e (23) surle c6te oppose par rapport 
auxdites gorges ; 

lesdits membres superieure (30) pr^sentant chacun 
une gorge k tourner les billes (31) connectant ladite 
gorge superieure k billes chargees (22a) et la portion 
coin (23), et etant disposes aux deux extr6mites dudit 
corps de roulement (20) ; 

ledit membre intermediate (50) ayant forme, sur ses 
faces sup6rieures et inferieures, des gorges (51) en 
forme de J oppos6es et des gorges de cage de billes 
(54, 55) connectant les bouts desdites formes J, ledit 
membre intermediate (50) 6tant monte sur ladite por- 
tion r in (21) par ou ladite portion coin (23) sert de 
gorge k billes non charges afin de constituer, avec 


les gorges superieures (51, 54) dudit membre inter- 
mediate, un chemin de circulation de billes superieur; 
et 

ledit membre inferieur (70) ayant forme, sur la face 

5 superieure, une gorge (71) en forme de J et une gorge 
de cage de billes (72) connectant les bouts desdites 
formes J, ledit membre inferieur (70) 6tant monte sur 
ledit membre intermediate (50) par ou lesdrtes gor- 
ges inferieures (71, 72) constituent, avec les gorges 

10 inferieures (52, 55) dudit membre intermediate (50), 
un chemin de circulation de billes inferieur. 

2. Roulement k billes k mouvement lineate selon 
la revendication 1, comprenant en outre : 
des membres renfor^ants (161) en fil metallique dis- 

15 poses au moins aux portions de reception de billes 
chargees desdits chemins de circulation de bOIes for- 
mes entre ledit membre superieur (30) et ledit mem- 
bre intermediate (50) et entre ledit membre 
intermediate (50) et ledit membre inferieur (70). 

20 3. Roulement k billes k mouvement lineate selon 

les revendications 1 ou 2, dans lequel 
ladite portion rein (21) situee entre la ligne verticale 
par rapport au centre d'une bille chargee inferieure et 
la ligne inclinee de 45 degres en dehors de ladite ligne 

25 verticale est solide. 

4. Roulement k billes k mouvement iineaire selon 
une revendication quelconque des revendications 1 k 

3, comprenant en outre : 

une fente mettant en communication ladite gorge 
30 superieure k billes non chargees (112a) et ladite 
gorge inferieure k billes non chargees (112b). 

5. Roulement k billes k mouvement iineaire selon 
une revendication quelconque des revendications 1 k 

4, comprenant en outre : 

35 des membres renfor$ants (161) en fil metallique dis- 
poses au moins aux portions de reception de billes 
chargees desdits chemins de circulation de billes for- 
mes entre ledit membre superieur (30) et ledit mem- 
bre intermediate (50) et entre ledit membre 

40 intermediate (50) et ledit membre inferieur (70). 
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